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Induction of Hypothermia in patients with Traumatic Brain Injury
Ronnie Hadden & Courtney Lennix

Abstract
Common Abbreviations:
TBI = Traumatic Brain Injury
Glasgow Outcome Scale = GOS
Glasgow Outcome Scale Extended = GOSE
Objective: To determine whether hypothermia induction improves long-term morbidity and
mortality in patients with severe traumatic brain injury
Methods: A search was conducted using PubMed database and the search terms “induced
hypothermia” and “traumatic brain injury”. Studies were excluded if the publication dates were
over 10 years old, children were the population being studied, and the researchers were looking
at other independent variables.
Results: The results from all three randomized control trials showed that the induction of
hypothermia did not show effectiveness in the treatment of patients with a TBI compared to
patients in the normothermia groups. However, one of the three studies did show better
outcomes in patients with intracranial hematomas that underwent surgery and were also
maintained at a hypothermic body temperature compared to a normothermic body temperature.
This result deserves further research to determine whether this treatment could be applied to
the general population of patients with intracranial hematomas.
Conclusion: At this time, it is not recommended to induce hypothermia in patients with a
traumatic brain injury because it does not improve long-term morbidity and mortality but more
research should be conducted to determine whether this treatment strategy could be of use in
the future.

Introduction
Traumatic brain injury (TBI) is an insult to the brain usually due to a violent event and is
associated with a wide range of clinical symptoms depending on the severity of the initial
mechanism of injury.(1) Some of these mechanisms that cause a TBI are falls, vehicle collisions,
acts of violence, sports related injuries, and combat. A TBI can present anywhere from mild to
severe with mild symptoms including headache, fatigue, and nausea, whereas more moderate
to severe symptoms including loss of consciousness, seizures, and coma. Some of the
moderate to severe symptoms can lead to permanent brain damage and even death. TBIs are a
leading cause of morbidity and mortality worldwide. In 2010, the thousands of hospitalizations,
long-term complications, and deaths related to TBI each year contribute to the estimated $76
billion in direct and indirect costs. (2) TBIs can leave lasting physical and mental impairments in
patients as well as a high financial burden on society as a whole. By finding a way to help
reduce morbidity and mortality from TBI can decrease the financial aspect but more importantly,
improve long-term patient outcomes from this life altering event.
The pathophysiology behind a traumatic brain injury revolves around ischemia due to a
cascade of neuron cell death from the actual injury itself, cerebral edema and increased
intracranial pressure which can lead to further ischemia and neurological deficits. Hyperthermia
is associated with long-term neurologic sequelae; therefore, by lowering a patient’s core body
temperature it is thought to reduce these lasting neurologic complications from a TBI. In addition,
reducing the core body temperature will decrease the metabolic demands of a patient which
allows for the preservation of functional brain tissue. The mechanism behind induced
hypothermia is to reduce the severity of the associated intracranial pressure which is thought to
decrease the degree of damage post TBI. (2)
Induced hypothermia is a proven intervention used in cardiac arrest patients that
decreases morbidity and mortality. The mechanism of induced hypothermia is through reducing
the brain’s need for oxygen by slowing its metabolic processes, and thus preserving long-term
neurologic function. This therapy is now recommended for all post-cardiac arrest patients to
avoid hyperthermia which can result in poor neurologic outcomes. With proven benefits in postcardiac arrest, researchers were prompted to investigate the effects of induced hypothermia in
patients post TBI. (2)
Over the last several years, multiple studies have been performed to determine if
induced hypothermia has the same effect in TBI. Past studies have had mixed results however,
research in this field is still ongoing. The mixed results in these studies are due to a variety of

reasons. First and foremost is the small population size included in each of the studies. Within
the populations being studied, the emergent nature of TBI inhibits the ability to control for
comorbidities and different hospital procedures. Many meta-analyses have also cited delayed
induction of hypothermia as a major downfall. The focus of this review is to determine whether
using induced hypothermia as a treatment for TBI patients can help improve long-term morbidity
and mortality measured at six months after the initial traumatic brain injury. (1,2)

Clinical Question
In order to develop a clinical question, a PICO was used to determine the population,
intervention, comparison, and outcome being studied. The population being evaluated is adults,
both men and women that are at least 16 years old. The intervention that is of interest in this
review is using induced hypothermia after a traumatic brain injury (TBI). The comparison is
normothermia after a TBI, meaning the patient’s body temperature is not cooled. The outcome
of interest is if induced hypothermia improves morbidity, as evaluated by GOS and GOSE
scores 6 months after TBI, as well as mortality after a TBI. Table 1 below was constructed to
show the specific interests of the clinical question.

Table 1. PICO
P

Population

Adults, Men & Women, Age > 16

I

Intervention

Induced hypothermia post TBI (32-35 degrees Celsius)

C

Comparison

Normothermia post TBI (37 degrees Celsius)

O

Outcome

Morbidity and mortality 6 months post TBI

Clinical Question: In both men and women, at least 16 years of age and older, does induced
hypothermia improve morbidity and mortality 6 months post TBI?
Methods
In order to find articles to review, PubMed was used as the only search database. Some
of the search terms used were “targeted temperature management”, “induced hypothermia”,
and “traumatic brain injury”. One customization that was used to find articles was “randomized

control trial”. There were 55 articles after using these search terms and this customization.
There were zero duplicates within the 55 articles. 24 articles were excluded because the studies
were published over 10 years ago and the population included in the studies were children. The
remaining 31 articles were screened, and 28 articles were excluded. These articles were
excluded due to one of the following reasons: the studies were evaluating other independent
variables in addition to induced hypothermia, outcomes were not evaluated 6 months after TBI,
and outcomes were not evaluated using similar scales. Figure 1 below is the PRISMA Flow
Diagram that shows the methods used to exclude articles, leaving three articles included in this
review.

Figure 1. PRISMA diagram outlining the methods used to find and exclude articles used for this
review.

Reviewed Studies
Study 1
Very early hypothermia induction in patients with severe brain injury (the National Acute Brain
Injury Study: Hypothermia II): a randomised trial
Objective: The objective of this study was to evaluate the outcomes of patients with severe
traumatic brain injury at six months post-injury to determine if induction of hypothermia to 33
degrees Celsius (91.4 degrees Fahrenheit) or 35 degrees Celsius (95 degrees Fahrenheit)
within 2.5 hours of injury had a benefit compared to patients kept at a normothermic
temperature of 37 degrees Celsius (98.6 degrees Fahrenheit).
Design: This study was a randomized control trial of 2,075 enrolled patients at six centers
throughout the United States. Enrollment occurred beginning in December 2005 and ended in
June 2009. The patients were enrolled either in the Emergency Department (ED) or prehospital
setting. The patients were randomly assigned to groups and the researchers who assessed the
outcomes were blinded. Emergency service staff, nurses and others managing the patients
were not blinded to which patients were in the intervention vs. comparison groups. To be
included in the study, patients were 16-45 years old, had a non-penetrating brain injury, and
were not responsive when given instructions. There were two sets of extensive exclusion criteria
including one criterion applied before resuscitation and trauma assessment in the ED and
another criterion applied after resuscitation and trauma assessments were completed.

Table 2. Exclusion Criteria3
Initial Exclusion Criteria before ED
•

Suspected pregnancy

•

Systolic blood pressure less than
110 mmHg

•

nonreactive pupils
Glasgow Coma Scale score of 7-8 with

•

normal CT scan
Inability to measure an accurate

•

Glasgow Coma Scale score

Sustained heart rate > 120 beats
per minute

•

Glasgow Coma Scale score of 3 with

•

Diastolic blood pressure less
than 60 mmHg

•

2nd set of Exclusion Criteria

Abbreviated injury severity score of 4 or

•

greater for organs other than the brain

Could not be reached by study
affiliated personnel within 2.5

Systolic blood pressure less than 110

•

hours of injury

mmHg
Diastolic blood pressure less than 60

•

mmHg
•

Persistent hypoxia (<94%)

•

Positive pregnancy test

Using the 1st set of exclusion criteria, 1,843 patients were excluded from the study
which left 232 patients to be randomly assigned to either the hypothermia or normothermia
groups. 119 patients were assigned to the hypothermia group and 113 patients were
assignment to the normothermia group. Using the 2 of exclusion criteria, 67 patients were
nd

excluded from the hypothermia group and 68 patients were excluded from the normothermia
group. With all of the exclusions, 52 patients remained in the hypothermia group and 45 patients
remained in the normothermia group, giving 97 total patients.
If patients were assigned to the hypothermia group prior to the ED, they were given 2
liters of intravenous (IV) cold crystalloids and were also cooled with gel packs or wet sheets to
35 degrees Celsius. Patients that were assigned to the hypothermia group and did not meet any
exclusion criteria from the second set were cooled to 33 degrees Celsius. The patients were
cooled to this temperature using the Arctic Sun Temperature Management System, room
temperature ventilated air, cooled IV crystalloids, and gastric lavage of cold water. The body
temperature was sustained at 33 degrees Celsius for 2 days. All patients that were in the

normothermia group were maintained at a body temperature of 37 degrees Celsius. If patients
reached temperatures over 38 degrees Celsius, paracetamol (Acetaminophen) and cooling
blankets were the only measures used to bring the temperature down to maintain normothermia.
The bladder temperature of all patients was monitored in order to ensure normothermia or
hypothermia were being maintained.
The follow up was conducted from June 2006 to December 2009. Researchers
measured the outcomes using the Glasgow Outcome Scale (GOS) at 3 and 6 months post TBI
as well as the disability rating scale using at 2 weeks, 4 weeks, 3 and 6 months post TBI. Good
recovery and moderate disability were both considered to be favorable outcomes while severe
disability, vegetative state, and death were all considered poor outcomes. The GOS was used
at 6 months after the TBI for 89 out of 97 patients. The remaining 8 patients were assessed at
different time frames: 6 patients were assessed using the GOS at 3 months after the TBI, 1 was
assessed using the disability rating scale at 2 weeks, and 1 patient was assessed using the
disability rating scale at 4 weeks. One analysis included all 97 patients and another analysis
used the Glasgow Coma Scale at 6 months for 89 patients. Both analyses yielded were
equivocal, thus the analysis of the 97 patients was the only one included in the study.

Study Results: A two-sided t-test was used in order to yield the main result of interest. There
were no statistically significant differences in outcomes or mortality in the hypothermia group vs.
the normothermia group. In fact, patients that had a diffuse brain injury had slightly worse
outcomes and mortality if they were in the hypothermia group. One interesting finding from this
study was that patients with hematomas (epidural, subdural, intracerebral) that underwent
surgery to remove the hematoma had much better outcomes if randomized to the hypothermia
group as opposed to the normothermia group (p-value=0.02) Although patients with hematomas
in the hypothermia group, did have 52 episodes of increased intracranial pressure in
comparison to the 41 episodes of intracranial pressure that patients in the normothermia group
experienced.
Study Critique: The results of this study show a possible benefit of induced hypothermia for
patients, depending on the type of traumatic brain injury. In general, the results of interest to this
review were not significant for better outcomes or mortality for the hypothermia group vs. the
normothermia group. However, in patients with an intracranial hematoma in the hypothermia
group had significantly better outcomes than patients with a diffuse brain injury. The researchers
believe that this result deserves more testing. While this result does pose an interesting

question, it is difficult to generalize any of the results from this study. The sample size in this
study was small with only 97 patients which is one limitation of the study. Also, this study looked
at all types of traumatic brain injuries so future studies would need to focus on specifically
intracranial hematomas in order to find significant data that could show that induced
hypothermia could be used as an effective treatment for patients with this specific injury.

Study 2
Therapeutic hypothermia to reduce intracranial pressure after traumatic brain injury: the
eurotherm3235 RCT
Objective: To examine the effectiveness of hypothermia (32-35° C) to reduce raised intracranial
pressure following severe TBI and lower morbidity and mortality 6 months after TBI.
Design: International, multicenter, RCT performed at multiple special neurological critical care
units. Adult participants following severe TBI were included whose intracranial pressure
was >20 mmHg (normal <15 mmHg) after initiation of first line treatments. 387 patients in 18
countries were enrolled and randomized to either a hypothermia treatment group or a standard
of care treatment group. The hypothermia group included standard care in addition to
hypothermia treatment. The hypothermia group received core temperature reduction initially to
35° C by induction of refrigerated normal saline over 20-30 minutes and then decreased as
needed to around 32° C if ICP stayed above 20 mmHg. Hypothermia was maintained using ice
packs under the patient's arms and legs, as well as a cooling machine. The patients were
rewarmed after 48 hours as long as ICP remained controlled. 195 patients were randomized to
the hypothermia group and 192 patients to the standard care group on an intention to treat basis.
Information on how well the patient had recovered from the injury was gained by using the
GOSE questionnaire carried out by a telephone follow up from a blinded independent clinician 6
months after the injury. A GOSE score of 1 indicates death, 2 vegetative state, 3 to 4 severe
disability, 5 to 6 moderate disability, and 7 to 8 indicates good recovery. Table 3 outlines the
inclusion and exclusion criteria used in the study.

Table 3. Inclusion and exclusion criteria4
Inclusion Criteria

Exclusion Criteria

•

18 years old

•

Pediatric patients

•

Severe TBI

•

Non-severe TBI

•

ICP > 20 mmHg after first line

•

Patient already receiving hypothermia

treatments

•

Eligible to give consent or family

treatment

•

present to give consent

•

Primarily closed TBI

•

Abnormal brain CT scan

Administration of barbiturates prior to
randomization

•

Pregnant

Study Results: Of the 195 patients in the hypothermia treatment group, based on their GOSE
score at 6 months post injury: 68 were deceases, 46 had lower severe disability, 26 had upper
severe disability, 16 had lower moderate disability, 12 had upper moderate disability and 10
each had lower/upper good recovery. Of the 192 patients in the control standard of care group,
based on their GOSE score at 6 months post injury: 51 were deceased, 3 were in a vegetative
state, 43 lower severe disability, 21 had upper severe disability, 17 had lower moderate
disability, 15 had upper moderate disability, 20 had lower good recovery, and 17 had upper
good recovery. The results in the hypothermia group did not show a decrease in morbidity and
mortality, compared to the control group; more severe lasting effects were observed in the
hypothermia group when measured 6 months post injury. Using an intention to treat protocol
comparing the GOSE scores in the hypothermia and standard care groups there was a 1.53
times greater chance for a worse outcome when inducing hypothermia.
Study Critique: A major limitation to this study was its inability to completely blind the treatment
groups due to the obvious mechanisms used to induce and maintain hypothermia. To try and
make up for this, an independent blinded clinician performed the follow-up GOSE questionnaire
6 months after the injury. Another limitation of the study was that the serious adverse effects
(SAEs) being monitored were all adverse effects associated with hypothermia induction, such
as cardiovascular instability and low cerebral perfusion pressure. Most of the SAEs observed in
the study were seen in the hypothermia group, which may have been a result of the SAEs being

observed. The study was also stopped early prior to reaching the planned induction of 600
patients; this was due to the results showing worse outcomes in the hypothermia treatment
group. This study only involved patients that already had a pronounced increase in ICP before
hypothermia was induced, which could be a factor that lead to worse outcomes in the
hypothermia group.
Study 3
Effect of early sustained prophylactic hypothermia on neurologic outcomes among patients with
severe traumatic brain injury
Objective: To determine if early prophylactic hypothermia improves long-term neurologic
outcomes in patients with severe TBI.
Design: This study was a multicenter randomized control trial in 6 countries that enrolled 511
patients from out-of-hospital or paramedic agencies and emergency departments from 2010 to
2017. 266 patients were randomized into the hypothermia group and 245 patients into the
normothermic control group. The normothermic group was kept at a temperature of 37° C.
Hypothermia was induced by a bolus of up to 2000 mL IV refrigerated normal saline and cooling
wraps until the patient was at a core temperature of 35° C; signs of bleeding were assessed and
if none were present the core temperature was dropped to 33° C. Hypothermia was maintained
for at least 72 hours at which time intracranial pressure was assessed and if it was < 20 mmHg,
rewarming was induced. If the ICP was still > 20 mmHg the patient was sustained in
hypothermia for a maximum of 7 days post randomization. Patients in both groups received
other standard treatments for elevated intracranial pressure. The primary outcome measure was
assessed by a GOSE score 6 months after the injury. A GOSE score of 1 indicates death, 2
vegetative state, 3 to 4 severe disability, 5 to 6 moderate disability, and 7 to 8 indicates good
recovery. Favorable outcomes in this study were determined as a GOSE scores between 5 and
8. Table 4 outlines the inclusion and exclusion criteria from the study.

Table 4. Inclusion and exclusion criteria5
Inclusion Criteria

Exclusion Criteria

•

18-60 years old

•

Significant bleeding

•

Glasgow Coma Scale < 9

•

Systolic hypotension < 90mmHg

•

Actual or imminent endotracheal

•

Sustained tachycardia > 120/min

intubation

•

Suspected pregnancy

•

Unreactive pupils

•

Destination hospital not a study site

Study Results: Of the 266 patients in the hypothermia group, 117 had favorable outcomes when
assessed using the GOSE questionnaire 6 months after injury. Of the 245 patients in the control
group, 111 had favorable outcomes. Unadjusted relative risk with hypothermia was calculated to
be 0.99 with a P value of 0.94, which is not statistically significant. When the GOSE scores were
assessed as an ordinal variable, there was also no significant difference between groups with
an odds ratio of 0.97 and P value of 0.88. There were no significant baseline differences
between the groups in either the per-protocol or intention to treat analyses. Post hoc analyses
also showed no significant differences between the two treatment groups.
Study Critique: One of the limitations of this study was the assignment of patients to a study
group in the pre-hospital setting before a more thorough evaluation was completed. This led to a
large number of patients in hypothermia group withdrawing early from the study because they
did not have a significant enough TBI to warrant to the full length of hypothermia. A number of
patients also were unable to reach the targeted temperature of 33° C. Due to the nature of
hypothermia induction, it was not feasible to blind the clinicians and families of the study groups.
The inability to blind this part of the study undoubtedly resulted in bias. The researchers did
however try to make up for this bias by having the outcome GOSE scores recorded by blinded
clinicians. Another form of bias introduced in the study was the ability of the supervising clinician
to withdrawal the patient from the study if he or she thought that the intervention was not in the
patient's best interest; this most likely had more effect of the hypothermia group since it is the
new technique being studied.

Discussion
Overall, each of the three studies provided similar results that the induction of
hypothermia was not effective in reducing morbidity and mortality 6 months after a traumatic
brain injury. In Study 1, there was no statistically significant difference between hypothermia and
normothermia group. Patients with a diffuse brain injury actually had worse outcomes in
morbidity and mortality compared to the normothermia group. It is not clear whether or not this
result is from the induction of hypothermia or the actual diffuse brain injury itself. One interesting
finding from this study was that patients who underwent surgery to remove a hematoma
(subdural, epidural, or intracerebral) had better outcomes in the hypothermia group as opposed
to normothermia. In Study 2, the results showed that the induction of hypothermia in patients
with severe TBI actually led to worse outcomes in comparison to patients in the normothermia
group. Study 3 showed 117 out of 266 patients in the hypothermia group and 111 out of 245
patients in the normothermia group had favorable outcomes. However, these results were not
statistically significant in showing that induction of hypothermia was favorable in the treatment of
patients with TBI.
There are multiple limitations within this review that could skew the overall results. Some
of these limitations include: the inability to find 3 studies all looking at the same sample
population, using the same methods for hypothermia induction, having the same indications for
inclusion, and assessing results using the same survey. Though this review focused on studies
that were very similar in most of the above-mentioned criteria, there were subtle differences that
made comparing them difficult. Difficulty finding more comparable studies can be attributed to
the novelty of induced hypothermia in TBI patients and the limited number of studies performed
thus far. One of the major limiting factors in study 2 was that it only included patients with
increased ICP above 20 mmHg; this could be a contributing factor as to why it showed harm
when inducing hypothermia in these patients. Also, in study 1, researchers used GOS measure
the outcomes of patients while study 2 and 3 used GOSE. While these scales are very similar in
nature and both measure outcomes after a traumatic brain injury, the GOSE is slightly more
specific in the type of lasting deficits. Other limiting factors in this review include the small
sample size of patients and the multiple different study locations within each individual study.
Due to the relatively infrequent incidence of TBI patients meeting study criteria, individual
studies have a small sample size to work with. Different study locations also add confounding
variables with each facility having its own standing protocols and different clinicians having
personal biases.

Based on the results of this review, it is our conclusion that patients with TBI should not
undergo induced hypothermia at this time due to the fact no study has showed a statistically
significant benefit. However, there still needs to be more research done especially in patients
with surgical indication and subdural or epidural hematomas. Subsequent studies should
consider the use of a single facility to better eliminate confounding variables.

Conclusion
Traumatic Brain Injury is a leading cause of morbidity and mortality in many patients
throughout the world. Induced hypothermia has been effectively used in the treatment of post
cardiac arrest patients for neuroprotection by reducing ischemia and lowering the brain’s
metabolic demands. Induction of hypothermia was looked at as a possible treatment in patients
with severe TBI for the same neuroprotective principles as used in post cardiac arrest patients.
Overall, the results were not shown to be effective in the management of TBI and cannot be
generalized to patients with this injury at this time. Future studies should be performed to look
more specifically into using hypothermia induction for patients with intracranial hematomas.
Induction of hypothermia could be a possible treatment that would be effective in managing
patients with intracranial hematomas that could help provide better long-term outcomes and
reduced mortality.
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